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This report is Volume I11 of a three volume final report presenting 

the  r e su l t s  of work performed by MITRON Research and  Development 

Corporation for NASA Marshal l  Space Flight Center  under Contract No.  

NAS -8 -11090 ent i t led " Development of a Technique for Determination of 

Component Shock Specifications" . The three volumes comprising the  

final report a r e  as follows: 

Volume I Methods for Specifying and  Extrapolating Shock 

Condit ions.  

Compilation of Four Coordinate Shock and  Fourier 

Spectra for Simple and Complex Shock Motions.  

Digital Computer Program for Shock and  Fourier 

Spectra .  

Volume I1 

Volume I11 

This project was  conducted by the Shock and  Vibration Division of 

MITRON with hIr Maurice Gertel  as  Principal Investigator and  Mr ., Richard 

Holland as Project Engineer. The program w a s  under the  overal l  cognizance 

of Mess r s .  Ronald E. Jewel1 and Thomas Coffin of NASA Marshal l  Space 

Flight Center ,  Propulsion and  Vehicle Engineering Division, Structures 

Branch. 
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a equivalent  static accelerat ion in .  /sec 2 . . . . . . . . . . . . . . . . . . .  
2 a Fourier accelerat ion component . . . . . . . . . . . . . . . . . .  i n . / s e c  

A normalized accelerat ion 

d relat ive deflection response  . . . . . . . . . . . . . . . . . . . . .  i n .  

d Fourier deflection component .................... i n .  

C damping coeff ic ient  ............................ 1b - sec/ in .  

/cc fraction of cr i t ical  damping C 

D 

f (  t ) 

normalized deflection (includes g= 386.4  in .  /sec 2 ) in .  /sec 2 
I 

function of t i m e  

undamped natural  frequency ...................... cyc le s / sec  (cps) fn 

F force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lb 

F Fourier operator 

9 acce lera t ion  of gravity . . . . . . . . . . . . . . . . . . . . . . . . .  i n . / s e c  2 

G 

h 

Im 

j 

k 

m 

n 

Re 

t 

peak accelerat ion i n  number of times gravity 

increment of t i m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sec 

B b  
imaginary part of 

G 
l inear  s t i f fness  ............................... lb/in.  

2 mass ........................................ lb-sec /in. 

number 

r ea l  part of 

t i m e  ......................................... sec 

T natural  period .................................. sec 

U motion of the  support  . . . . . . . . . . . . . . . . . . . . . . . . . .  in .  
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U (0) Fourier spectrum of G' ( t )  . . . . . . . . . . . . . . . . . . .  i n . / s e c  
. .  
Uc (0) Fourier cos ine  spectrum of G' ( t )  . . . . . . . . . . . . .  i n . / s e c  
. .  
Us (0) Fourier s ine  spectrum of t' ( t  ) . . . . . . . . . . . . . . .  in .  /sec 

V pseudo veloci ty  response  . . . . . . . . . . . . . . . . . . .  i n . / s e c  

V Fourier velocity component . . . . . . . . . . . . . . . . . .  i n .  /sec 

v normalized velocity 

. . . . .  X l inear  displacement in direction of X axis in .  

Z impedance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lb- sec/ in .  

6 re lat ive response  deflection . . . . . . . . . . . . . . . . .  in. 

d residual  re la t ive response  deflection . . . . . . . . .  i n ,  
r 

fraction of cr i t ical  damping s 
phase angle  .............................. e degrees  

................................... r period sec 

c3 forcing frequency-angular . . . . . . . . . . . . . . . . . .  rad/sec 

undamped natural  frecpency-afigular . . . . . . . . .  r a d/s e c 

danped  natural  freqbencies-angular . . . . . . . .  rad/sec 
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1.  

VOLUhlE I11 

I11 -1 . INTRODUCTION 

This volume of the  Final Report on Contract N o .  NAS-8-11090 

presents  the  shock  ana lys i s  digital computer program, which w a s  used  

to compute a n d  plot the  shock and  Fourier spec t ra  presented in  Volume 11, 

A brief descr ipt ion of the  program with the bas i c  numerical equat ions a n d  

a general  l i s t  of its input requirements are  s t a t ed .  

The program has  both printed and plotted output when used  with a 

computing system consis t ing of the  I B M 

Computer Recorder Subroutines and  the General Dynamics S-C 4020 Com- 

7094 -11 with the  North American 

puter Recorder a The printed output is computed at e a c h  frequency increment 

and  presents  t h e  following quantit ies:  

Shock spectrum: 

Maximum posi t ive and  negitive displacement  response  

Maximum posi t ive and  negitive acce lera t ion  response .  

Fourier spectrum (for zero damping only) : 

Absolute magnitude 

Real part. 

Imaginary part 

Phase  angle .  

The plotted output is four graphs which cons i s t  of t h e  following information: 
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Shock input t i m e  -history. 

Shock spectrum (maximax), 

Fourier spectrum (residual shock spectrum) . 
Fourier phase  angle  

This report includes a Fortran listing o f  t h e  computer program a s  

used  to prepare the  graphs of Volume 11, 

111-2 THE COMPUTER PROGRAM 

The computer program is written i n  Fortran I1 for t h e  IBM 7094-11, 

with a 3 2 , 7 6 8  word core storage. An option is ava i l ab le  to plot t h e  output 

on t h e  General  Dynamics S-C 4020 Computer Recorder, The output is plotted 

with the  u s e  of the  following subroutines: APRNTV, CAMRAV, CHSIZV, FRAMEV, 

GRIDlV, LINEV, NXV, NYV, RITE2V, SMXYV, TABLlV, TABLZV, andVCHARV. 

These subrout ines  a r e  obtained from the North American Aviation Engineer 's  

Comp~t ing  Manual 

paragraphs.  

The program functinnc a r e  nutlined on the  following 

The shock motion-time history to be ana lyzed  c a n  be completely 

arbitrary and tabulated or it may be idealized a n d  computed internal ly ,  I f  

computed internal ly ,  t he  five bas i c  configurations a re :  

(a) Superimposed Decaying Sinusoids. 

(b) Superimposed Decaying Cosines ., 
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3 .  

(c)  Triangle with or without Dwell. 

(d) Versed-sine with or without Dwell. 

(e) Exponential with or without Dwell. 

The program computes the  response of a s imple sys tem for a 

spec i f i c  value of damping and  for each desired value of natural  frequency, 

using the  following recursion formulae: 

I11 -1 

I11 -2 
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4. 

The maximum posi t ive and  negitive va lue  of displacement  and  

acce lera t ion  response  are printed out for e a c h  increment of frequency. 

These va lues  a r e  plotted on dimensionless four coordinated graphs a s  

the  shock  spectrum and the  Fourier spectrum (also the  res idua l  shock  

spectrum) 

The Fourier spectrum is computed by  rewriting Equation 111-1 a n d  

111-2 for zero  damping. The va lues  of displacement and  ve loc i ty  at t = 7 ,  

computed by t h e  recursion equat ion,  are u s e d  to  ca l cu la t e  t he  r e a l  a n d  

imaginary components of the  Fourier spectrum. 

I11 -3 

I11 -4 
I 

I The magnitude a n d  phase  angle  of t h e  Fourier spectrum is obtained 

from Equation 111-5 and 111-6, 

III -5 

IS1 -6 

The program has  the  option of printing out t he  damped or undamped 

displacement  response  of a simple system with a spec i f ied  natural  frequency. 

Using a General  Dynamics SC-4020 Computer Recorder a s  a n  integral  

part of t h e  computing sys tem,  t h e  program's output genera tes  t h e  following 

1 graphs : 
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(a) Shock input t i m e  -history 

(b) Four coordinate dimensionless shock spectrum and Fourier 

spectrum. 

Four coordinate dimensionless damped shock  spectrum. (c) 

(d) Fourier phase  angle  spectrum. 

In addition to the  tabulation of the shock motion, t he  following 

input data  a re  required: 

(a) Number of recrod groups t o  be  analyzed.  

(b) 

(c) Number of records.  

Serial  record of first  record. 

(d) Number of frequency ranges.  

(e) 

( f )  

( g )  

Number of values  of damping. 

Number of tabulated shock record points , 

Code for accelerat ion of velocity shock record,  

(h) 

(i) 

(1) 

(k) 

Code for units of input record, 

Code for units of tabulated output 

Code for digit ized or internally ca lcu la ted  record 

Code for plotting output ( i f  plbtting is desired input shock 

record must be accelerat ion in units  of in./sec 

Length of shock motion i n  seconds.  

2 

(1) 
t 
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6 ;  

Amplitude scale -factor for digit ized record ( i f  shock input 

is measured from a n  osci l loscope record). 

Digit ized record bias  ( i f  shock input is measured from a n  

oscilloscope record) . 
Frequency at which response - t ime  history is required 

(zero i f  not des i red) .  

Ini t ia l  displacement .  

Ini t ia l  velocity.  

Tabulation of damping values.  

Tabulation of ini t ia l  frequency, frequency increments and  

number of frequencies .  

If t h e  shock record is calculated internally,  t he  following is 

required (zero i f  d igi t ized) .  

1 ,  Type of shock input: 

Superimposed Decaying Sinusoids 

Superimposed Decaying Cos ines  

Triangle with or without Dwell. 

Versed-sine with or without Dwell. 

Exponential with or without Dwell. 

2 .  Number of superimposed s ines  or cos ines  - or - number of 

da ta  cards  to be  read,  
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7 .  . 

3 . Peak value of shock record.  

4. Reciprocal of number of half-cycles for half-life of s i n e  

or cos ine  - or - r i s e  t i m e .  

5,  For exponential: Rise and  decay exponent,, 

111-3. ACKNOWLEDGEMENTS - 

The recursion equat ions used  for t h e  shock  and  Fourier spectra 

numerical evaluat ion descr ibed herein were developed by G . J.  0' Hara 

of t h e  Naval  Research Laboratory, Washington, D. C.  in NRL Report 

#5772 entitled " A  Numerical Procedure For Shock and  Fourier Analysis" . 
The following program l is t ing is based  on work by W.A. McCool ,  while 

at NRL a n d  The White Sands Missile Range as descr ibed in " A  Digi ta l  

Computer Program for t h e  Analysis of Recorded Shock Motion" , Army 

Missile Test Center ,  New Mexico, Data Report NR 23, May  1961. 

I11 -4 , PROGRAM LISTING 

The following pages a r e  the  Fortran l i s t ing  of the  shock  a n a l y s i s  

digi ta l  computer program. 
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3 5 1  T T i K ) = 1 . 5 7 0 7 9 6 / ( 6 . 2 8 3 1 8 4 * D S ( 3 r K ) )  
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DO 4 0 7  l = l r M  
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* FREQ. $PEC. R ~ J T : N E  
C F.9OSPC SL'E!?BUT!NE 

SU2RQUTINE FRQSPC ( F S ~ * F S ~ I N F I T ~ J Z T ~ I I N I I F . S F T * L * P L F P H I  
D I M E N S I S N  2 ~ 5 0 0 ~ r i C ~ 5 3 ~ ~ ~ X 1 5 9 9 ) r X P M A X i 5 0 0 ~ 1 X ~ M A X ~ 5 0 0 ~ ~ A P M A X ~ ~ 0 0 1 *  

1 ~ N M A X ( 5 ~ 0 ; r F ~ ~ G ( 5 C C ) * F C ( 5 0 3 )  r F P n R ~ 5 0 0 ~ ~ F R E Q ~ 5 0 1 ~ ~ ~ T 8 0 ,  
~ V T 5 ~ 5 0 0 ) r F ~ A G F 2 ~ 5 0 0 ~ r P L R V l 5 ~ O ~ ~ P L M A X I ~ 5 O O ~ * ~ L ~ R ~ ~ O O ~  
3bFPH(500) rPLFPH(SO0) 

~ X T ~ ~ V T @ I F M ~ G F ~ I P L R V I P L M A X I * P L F R * L M A X * L K  
C ~ M M ~ N  2 929 t~ * XPKAX 9 XNKAX ,APMAX *ANMAX ~ F M A G  P F P H  *Fc * F S I F P W R I F R E Q *  

h3=6r283184*FSl 
W4=6.283184*f$2 
fREQ(l)=FSL 
90 IO0 I=l*kF 
W20=w3*T0 
W 2 1 = C Q S F ( W 2 0 )  
W 2 2 = S I N F I W Z O ~  
M I = I + I F  
F C ~ I ) ~ ( - X T @ ~ M 1 ) * ~ 2 ~ + ( V T 0 ~ ~ l ) + Z T 0 1 * W 2 ~ ~  
FS(I)=(+XTi3(MI)*W22+(VT0iMI)+ZT0)*W21) 

FMAC(I!=SCRTF(FPWRf I 1 1  
IF ( I N )  1 1 0 * 1 1 0 * 1 1 1  

FS(I)=FC(II 
FCI I )=W23 
Gd TO 1 1 2  

1 1 1  FC( I)=FCiI)/W3 
F S l f ) = F S ( I j / W 3  
F M A G ( I ) = F M A G ( I ) / W 3  

F P ~ R I I ) = ~ F C ( I ) * + ~ . O ~ F S ( I ) * * ~ O O I  

1 1 0  W23=-FS( I 1  

F P ~ R ( I ) = F P WR(I)/(W3*~2.01 
112 I F  ( F M A G ( I ) - o O O O O O ~ * S F T I  105r106r106 
105 FMAG( 1 ) = O o O  

FCI I )=Om0 
FS4 I ) = O e O  
FPWR( I )*O.O 
G0 T O  1 5 1  

106 F C P H = F C (  I )/FMAG( I )  
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' 120  IF ( F S (  I )  1 130-*1311131 
1 3 0  FPH( I )=-90.0 

1 3 1  FPH( 1 )=9000 
G0 T 0  1 5 1  

G0 T 0  1 5 1  
121 FTPH=FS(II/FC( I )  

F P H ( I ) = 3 6 0 o 0 * A T A N F ( F T P H ) / 6 . 2 8 3 1 8 4  
I F ( F S ( 1 ) )  1 4 0 * 1 4 1 * 1 4 1  

140 I F ( F C ( 1 ) )  1 5 0 * 1 5 1 * 1 5 1  
150 FPHII)=-l@O.O+FPH(Il 

G O  T0 151 
1 4 1  IF ( F C ( 1 ) )  1 6 0 * 1 5 1 * 1 5 1  
1 6 0  F P H ( I I = 1 8 0 o 0 + F P H O l  
1 5 1  L=L+l 

154 W 3 = W 3 + W 4  
153 P L F P H ( L ) = F P H (  1 )  

1 I = l + l  
F R E G ( I I ) = F R E Q ( I ) + F S 2  

100 C d N T I N U E  
R E T  URN 
END 



25. 

* FCSSG RGUTlNE 
C FCSSG SuaRdLTIhE 

SU>RZIUTINE FCSSG ( L K )  
G 1 I? E FiS I Z N  A X  ( 62 1 A X X  L E2 1 W A Y  ( 82 1 r A Y Y  82 1 

X;X(62)rDY(82)*GXK(82)9GYY(82) 
CALL S M X Y V  ( 1 9 1 )  

F TAGLLV9TABL2V 
4 2 c  CALL GRIGlV ~ l * O o l r l ~ 0 o O ~ C o 3 0 1 ~ l O o O O * l o O ~ l ~ O * ~ O ~ O ~ O * O ~ 5 ~ 6 ~  

CALL C H S I Z V ( 3 * 4 )  
C A L L  R I T E Z ' J I Z O ~ P ~ ~ ~ ~  * 1 0 2 ? r F O 1 2 1 3 4 r - l  r39HFOUR COORDINATE FOURIERISH 

C A L L  C H ~ I Z V ( 3 t 3 )  
CALL R I ~ E 2 V ( 4 ~ 3 1 4 r ! 0 2 S * 1 6 0 * 1 ~ 2 ~ ~ - l * ~ ~ ~ ~ E ~ O C l T Y  P A R A M E T E R  V r N L 2 1  
CALL R I T € : V ( 2 3 C * 4 , 1 0 2 3 * 4 G * ~ * 3 4 * - 1 * 3 4 ~ ~ N A T U R A L  FREQUtNCY)X(PULSE PE 

CALL V C h k R V ( 4 0 * = * 6 & 0 * 0 9 6 1 r T A B L 1 V )  
CALL V C H A R V ( 9 0 * 2 r 6 4 8 * 0 * 1 8 * T A B L 2 V )  

CALL L I N E V ( 8 6 0 ~ 9 r 8 9 2 * 9 )  
CALL APRNTVC 9 9  7 * - 5 * 5 H D = 1 0 0 * 9 7 r 1 0 7 )  
CALL APRhTV( 9 9  7 * - 5 * 5 H D = 1 0 0 * 9 7 9 3 4 3 1  
CALL AP2hTV(  9 ,  7 * - 6 * 6 H D = 1 0 0 .  9 9 7 9 5 7 7 )  
CALL APRhTV( 9 1  7 * - 8 * 8 H D = l * O C O . * 9 7 * 8 1 4 1  
CALL APRNTV( -9*  7 * -7 *7HG-o l=A  9 9 9 2 ~ 1 0 7 )  
CALL APRKTV( -4*  7 9 - 7 * 7 H o O l = A  ~ 9 9 2 9 3 4 3 )  
CALL APRNTV ( - 9  9 7 *-8 t6Ho001=A * 9 9 2 * 5 7 7  1 
CALL APRtLTV(-9*  7 * - 1 3 t l C H o O d O * l = A  * 9 9 2 * 8 1 4 1  
CALL A P R ~ T V ( - 4 * - 7 * - 5 * 5 H l . O = D * 3 7 ? 9 6 6 )  

L C C K  SPECTRUM * ? l L I )  

LR IOD) ,NL3)  

Dd 4 3 9  J = l b t  

4 3 9  CALL APRNTVl i . r - 7 * - 7 * 7 H  A = 0 . 1 9 7 1 3 * 8 6 )  
I F  ( L K )  3 5 0 9 3 5 0 r 3 6 5  

350 k=0.0001 
D = 3 * 0 0 0 1  
D 0  3 6 4  K = l r 6 4 * 9  
B=A 
C=D 
D 0  3 6 4  J=1*9 
L'J+K 
A = A + B  
D=D+C 

3 5 5  A X ( L ) = O . ~ O  
3 5 4  IF (A-6.0)  355,355,357 

A Y  ( L 1 = A I 0  0 6 2 8 3 1  8 4  
I F  ( A -  G o 6 1  3569356 ,358  

3 5 6  A y Y ( L ) = 0 0 0 0 1  
A A X ( L ) = A / O . 0 0 6 2 8 3 1 8 4  
Gd T0 3 5 9  

3 5 7  A Y ( L ) = l O . O  
k X I L ) = A / 6 2 0 8 3 1 8 4  

A Y Y  l L ) = A / 6 2 8 . 3 1 8 4  
358 k x x i L ) = i o o . o  

359 IF I G - 0 0 6 )  3 6 0 * 3 6 0 * 3 6 1  
3 6 0  DYILI=0.001 

D X ( L ) = O o 3 8 6 4 / ( 6 0 2 8 3 1 8 4 * O I  
G3 TO 3 6 3  

3 6 1  D X ( L ) = O . i O  
D Y ( L ) = (  0 . 6 2 8 3 1 8 4 * 0 ) / 3 8 6 r b  
IF ( 0 - 6 . 0 0 0 )  3 6 3 9 3 6 3 9 3 6 2  

3 6 2  D Y Y ( L ) = l O o O O  
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